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Introduction
Hip fracture is a major health problem in the elderly that is associated with significantly increased morbidity and mortality [1] [2] [3] [4] [5] [6] [7] [8] . The estimated mortality associated with hip fractures is 5~10% within 1 month and 12~37% at 1 year depending on both the pre-and post-fracture health status, which can be compromised by intercurrent infection, malnutrition, performance status, cardiovascular disease, and thromboembolism [5, 6, [8] [9] [10] [11] . The excess mortality following hip fracture is sustained for several years and comorbidities such as cardiovascular disease, infection, chronic obstructive pulmonary disease, and dementia increase hip fracture-related mortality [5, 12, 13] .
Acute kidney injury (AKI) is a common morbidity in the hospitalized elderly and is a frequent complication after hip fracture surgery. Electrolyte imbalance and chronic kidney disease are related to the in-hospital mortality, and preoperative renal dysfunction is associated with long-term mortality in elderly patients with hip fracture [7, 12, [14] [15] [16] [17] [18] [19] [20] . However, few studies have examined the impact of AKI on long-term mortality in elderly patients after hip fracture. The structural and functional changes associated with aging increase the risk of AKI in elderly populations. Age older than 65 years is a risk factor for non-recovery from AKI and even progression to chronic kidney disease [6, 16, 19, [21] [22] [23] . The long-term survival of patients with AKI is poor and gets worse with increasing age and even AKI that does not require dialysis is associated with increased mortality [24] [25] [26] [27] . Multiple definitions of AKI have led to a great disparity in its reported incidence [14, 16, 18, 21, 28] . We used the Acute Kidney Injury Network (AKIN) classification to diagnose AKI during hospitalization and investigated the potential role of AKI as a predictor of long-term mortality following hip fracture surgery.
Patients and methods

Study subjects
This was a single-center, retrospective cohort study of 450 patients who underwent hip fracture surgery. The inclusion criteria were age ! 65 years, experiencing the hip fracture for the first time, and undergoing hip fracture surgery between January 2010 and December 2012 at Hallym University Sacred Heart Hospital, Anyang, Korea. Patients with previously diagnosed end-stage renal disease on renal replacement therapy, a history of hip disease or fracture, or less than 3 months of follow-up were excluded. During the study period, 524 patients underwent hip fracture surgery. Twenty-one patients were excluded because they were already being treated with chronic dialysis therapy, 14 patients had previous history of hip disease or fracture and 29 patients were lost to follow-up. Standard medical and surgical treatment and follow-up protocols were followed in all patients. Two surgeons performed the hip fracture surgery.
Demographic and biochemical data, and the type and duration of nephrotoxic drugs such as angiotensin-converting enzyme inhibitors (ACE inhibitors), angiotensin-II receptor antagonists (ARBs), diuretics, non-steroidal anti-inflammatory drugs (NSAIDs), and contrast medium during the hospitalization were obtained from the medical records. Blood pressure and heart rate at admission were used as baseline data. Hemoglobin levels and biochemical parameters such as albumin, protein, blood urea nitrogen, and creatinine at admission were defined as baseline blood values. Potential risk factors for AKI were also recorded, including intraoperative parameters such as duration of anesthesia, hemodynamic parameters, and urine output. Comorbidities such as diabetes, hypertension, and a history of coronary artery disease (CAD) or cerebrovascular accident (CVA) were also obtained from the records. Baseline and follow-up creatinine levels were monitored and AKI was defined according to the AKIN classification based on changes in the serum creatinine level. AKI was defined as an absolute increase in the serum creatinine level of more than or equal to 0.3 mg/dL, or a percentage increase in serum creatinine of more than or equal to 50% within the 48 hours. The urine output criteria for AKI were not used in the present study. Apart from serum creatinine level at admission that was defined as the baseline value, follow-up serum creatinine values were routinely available for the first 7 to 14 days after surgery as part of routine care. The absolute changes in serum creatinine were calculated according to the peak and initial baseline creatinine levels. The glomerular filtration rate (GFR) was estimated from the initial serum creatinine level using the Chronic Kidney Disease Epidemiology Collaboration equation , where k is 0.7 for females and 0.9 for males, α is −0.329 for females and −0.411 for males, min indicates minimum serum creatinine/k or 1, and max indicates maximum serum creatinine/k or 1 [29] . Primary outcome was long-term, all-cause mortality and secondary outcomes were in-hospital mortality and length of stay. The follow-up time was calculated from the date of surgery to the date of death or the end of the study period (March 2015). The median follow-up time of patients alive at the end of the study was 4.5 years. Information regarding outcomes was obtained through electronic medical records. For patients not followed at our center, information was obtained during telephone interviews. Telephone interviews were conducted with the patients or family members of patients after obtaining verbal consent. The cause of death was identified by medical records or death certificates.
Ethics statement
This study was approved by the local Institutional Review Board/Ethics Committee of Hallym University Sacred Heart Hospital, and it was conducted in compliance with the Declaration of Helsinki. As this work was a retrospective observational study, we did not obtain informed consents. Personally identifiable information of patients was encrypted and all the analyzed data were anonymized.
Statistical analysis
Statistical analyses were performed using SPSS for Windows software (ver. 18.0; SPSS Inc., Chicago, IL, USA). Continuous variables are expressed as means ± standard deviation, and categorical variables are reported as numbers and percentages. The difference was analyzed by an independent t-test for continuous variables and χ 2 test for categorical variables. The odds ratios (ORs) for AKI were determined by crude and multivariate logistic regression analysis.
To assess the impact of AKI on in-hospital mortality, we used crude and multivariate binomial logistic regression analysis. The following variables were included in analysis: age, sex, diabetes, hypertension, a previous history of CAD or CVA, and blood levels of albumin, creatinine, and hemoglobin at admission. Survival curves were plotted using the Kaplan-Meier method and were analyzed using log-rank tests. The hazard ratios (HRs) for in-hospital and long-term mortality were determined from crude and multivariate Cox regression analysis, and are presented as the HR and 95% confidence interval (95% CI). P-values < 0.05 were deemed to indicate statistical significance.
Results
Patients' characteristics
The study included 450 elderly patients who had undergone hip fracture surgery. The mean age of the patients was 78.9 ± 7.0 years (range: 65-95 years) and 100 (22.2%) were male. There were 153 (34.0%) patients with diabetes, 301 (66.9%) with hypertension, 41 (9.1%) with a history of CAD, and 79 (17.6%) with a past CVA. The mean length of follow-up was 43.0 ± 11.5 months.
During the study period, 178 patients died. Eighteen patients died during hospitalization. Table 1 shows the baseline patient characteristics according to clinical outcome. No significant differences were observed in gender distribution, prevalence of diabetes, hypertension, CVA, the type of surgery, or the use of ACE inhibitors, ARBs, or NSAIDs between the deceased and survived patients. The serum blood urea nitrogen, creatinine, sodium, and potassium levels were also similar in the two groups. However, there were significant differences in age, the prevalence of CAD, use of diuretics, heart rate at admission, T-score for bone mineral density, and red blood cell (RBC) transfusion volume between non-survivors and survivors. The mean ages of the survivors and non-survivors were 76.0 ± 6.0 years and 83.3 ± 6.2 years, respectively Creatinine (mg/dL) 0.9 ± 1.1 1.0 ± 1.2 0.9 ± 1.0 eGFR (ml/min/1.73m2)* 74.8 ± 37.5 64.2 ± 35.9 81.6 ± 97.1
Protein (g/dL)* 6.5 ± 0.7 6.4 ± 0.7 6.6 ± 0.7
Bone mineral density score* -3.6 ± 1. (p < 0.001). Compared to survivors, hemoglobin and hematocrit levels were lower among non-survivors, as well as serum albumin and protein levels. The serum creatinine level at admission did not differ according to mortality, while the estimated GFR was significantly lower, and the absolute changes in serum creatinine during hospitalization were higher among the patients who died.
The incidence and risk factors of AKI during hospitalization and its impact on clinical outcomes
In total, 95 (21.1%) patients developed AKI during hospialization according to the AKIN criteria: 74 patients were classified as AKIN stage 1, and 21 as stage 2 or 3. No patient progressed to AKI requiring dialysis. Of the 95 patients, 29 were diagnosed with AKI before surgery. The absolute change in serum creatinine was 0.61 ± 0.46 mg/dL in the AKI group and 0.06 ± 0.11 mg/dL in the non-AKI group. Age, gender, diabetes, hypertension, and the use of diuretics or NSAIDs did not affect the occurrence of AKI. Patients with AKI had a higher prevalence of CAD and CVA, and received ARBs or ACE inhibitors more frequently than those without AKI. Serum blood urea nitrogen and creatinine levels were significantly higher, and the serum albumin level was lower among patients with AKI. Although the preoperative hemoglobin and hematocrit levels did not affect the occurrence of AKI, there was a significant difference in the volume of RBC transfusion between the two groups. Intraoperative hemodynamic parameters (blood pressure and heart rate) and urinary output were similar between patients with and without AKI, but the duration of anesthesia was significantly longer in patients with AKI ( 
Predictors of in-hospital mortality
In our cohort, 18 patients died during hospitalization: 8 from infection, 6 from cardiac failure, 2 from stroke, and 2 from respiratory failure. Univariate logistic regression analysis showed that female, baseline serum albumin, AKI and use of diuretics were significantly associated with in-hospital mortality. However, female (OR 3.13, 95% CI: 1.04-9.36, p = 0.042), albumin (OR 0.20, 95% CI: 0.51-0.77, p = 0.019) and AKI (OR 4.61, 95% CI: 1.69-12.63, p = 0.003) were significant predictors for in-hospital mortality after adjusting for age, sex, diabetes, hypertension, history of CAD or CVA and baseline blood levels of albumin, hemoglobin and creatinine. Patients with AKI during hospitalization had significantly increased long-term mortality compared with those without AKI (log rank test, p = 0.003). During the study period, 178 patients died: 87 from infection, 37 from cardiovascular disease, 19 from malignancy, 3 from respiratory failure, and 31 from unexplained causes, including sudden death and one case of suicide. The median time to death after discharge was 6.5 months and 78 patients died within the first 3 months after discharge. Overall, the 1-year, 2-year, 3-year and 4-year all-cause death rates were 26.8%, 34.1%, 37.1% and 39.3%, respectively. The clinical predictors of long-term mortality are shown in Table 3 . The univariate analysis revealed that age, history of CAD, mean blood pressure and heart rate at admission, hemoglobin and albumin levels at Continuous variables are expressed as mean ± standard deviation.
Predictors of long-term mortality
AKI, acute kidney injury; CAD, coronary artery disease; CVA, cerebrovascular accident; ACEIs, angiotensin converting enzyme inhibitors; ARBs, angiotensin-II receptor antagonists; NSAIDS, non-steroidal anti-inflammatory drugs; BP, blood pressure; BUN, blood urea nitrogen; GFR, glomerular filtration rate; RBC, red blood cell.
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admission, and AKI were significantly associated with all-cause mortality. After adjusting for age, gender, diabetes, hypertension, CAD, CVA, albumin, and hemoglobin, only age (HR = 1.14, 95% CI: AKI (HR = 1.63, 95% CI: 1.14-2.31; p = 0.007) were significant predictors of long-term, allcause mortality.
Discussion
In this study, we found that AKI occurred frequently in elderly patients undergoing hip fracture surgery. Furthermore, AKI not only results in a longer hospital stay and increased in-hospital mortality but also adversely affects long-term survival, even when AKI is less severe and does not require dialysis. To the best of our knowledge, this is the first study to demonstrate the direct effect of AKI on long-term survival in elderly patients undergoing hip fracture surgery. The early diagnosis and prevention of AKI might be very important to improve survival in these patients because hip fracture in the elderly is associated with a marked increase in mortality.
In our cohort, AKI occurred in 21.1% of the patients according to the AKIN criteria. Among AKI patients, most of the patients were classified as AKI stage 1 (77.9%) and no patient progressed to AKI requiring dialysis. In our center, preoperative nephrology consultation is encouraged if estimated GFR is lower than 60 ml/min. Early diagnosis of AKI would be possible, and elderly patients with severe AKI did not undergo surgery. The reported incidence of AKI in elderly patients undergoing hip fracture surgery ranges from 15.3-24.4% according to the definition of AKI and varies with the considered population [2, 3, 6, 8, 10, 30] . Elderly patients are particularly susceptible to developing AKI. Anatomical and physiological changes in the aging kidney, increased burden of comorbidities, more frequent exposure to medications, and changes in drug metabolism are suspected to contribute to the increased risk of AKI in the elderly [6, 8, 16, 17, [19] [20] [21] [22] [23] . AKI following hip fracture has multi-factorial causes. Baseline renal function, age, comorbidities, dehydration, nephrotoxic drugs, and malnutrition are documented risk factors for AKI [2, 3, 8, 13, 17, 21, 31] . In our study, the baseline serum level of creatinine, use of ACE inhibitors or ARBs, RBC transfusion volume, and history of CAD were significantly associated with an increased risk of AKI, while the use of NSAIDs was not. This may result from the fact that NSAIDs were used mostly in patients with preserved renal function in our cohort. In fact, the baseline serum creatinine level was significantly lower in patients receiving NSAIDs than in those not receiving them (0.8 ± 0.8 vs. 1.1 ± 1.4 mg/dL, respectively, p = 0.006), but the absolute change in creatinine was similar in the two groups (1.6 ± 0.3 vs. 1.9 ± 0.3 mg/dL, respectively, p = 0.291). Although the long-term use of NSAIDs is a well-known risk factor for renal and gastrointestinal complications in elderly patients, they might be relatively safe for short-term use in patients with preserved renal function.
Studies show that AKI is associated with the duration of hospitalization, progression to chronic kidney disease, functional status in daily living, and mortality risk in various populations [6, 8, 15, 16, 18, 19] . Short-term effects of AKI on clinical outcomes in patients with hip fractures have been demonstrated in several studies, while the long-term impact of AKI on survival has not been described well in these patients. We confirmed that AKI after hip fracture surgery is associated with increased hospital stay and is a major risk factor for in-hospital mortality (OR = 4.61, 95% CI: 1.69-12.63, p = 0.003). The main causes of the hospital death were infections and cardiovascular events. AKI may be accompanied by acute liver, lung, and other organ damages. However, our retrospective study cannot demonstrate a causal relationship between AKI and outcomes. A relationship between baseline serum urea and longterm mortality has been reported in patients with hip fracture [4, 9] . Excess mortality in patients following hip fracture is documented and the increased mortality risk might persist for several years after the event. Mortality is usually highest during the first year after hip fracture [1, 32] , as it is confirmed by our study. In our cohort, the rate of all-cause mortality was 26.8, 34.1, 37.1, and 39.3% at 1, 2, 3 and 4 years, respectively. A few studies investigating predictors of mortality following hip fracture have identified age, dementia, malnutrition, and comorbidities [4, 7, 10, 13, 20] . Our study suggests that AKI during hospitalization is an important predictor of long-term mortality. Elderly patients with hip fractures at risk of AKI should be identified and appropriate preventive management should be considered to improve survival. We also found a close relationship between albumin and mortality following hip fracture. The close relationship between albumin and mortality has been well documented in various diseases, although serum albumin levels may be affected not only by nutritional status, but also inflammatory and oxidative status [33, 34] .
This study had several limitations. First, as an observational, retrospective study, there was an inherent design limitation. Second, AKI was defined according to increments in the serum creatinine level only, not in urine output, which is correlated more with renal function [8, 18, 24, 31, 35] . Third, we did not consider the type of hip fracture, operative technique, or waiting time for surgery, which might influence outcomes. Finally, because we did not investigate residual renal function after discharge, we cannot conclude that chronic kidney disease after AKI affects the long-term outcomes or whether other factors are associated with mortality.
In summary, AKI is a common complication following hip fracture surgery and baseline renal function, use of ACE inhibitors or ARBs, RBC transfusion volume, and previous CAD were significant risk factors for AKI. The increased mortality following hip fracture surgery persisted for 4 years after the event and AKI was a significant predictor of in-hospital and long-term mortality. However, prospective studies should evaluate the relationship between AKI and clinical outcomes and the benefit of early diagnosis and preventive management of AKI in patients with hip fracture.
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